Syrian hamster embryo cells were treated with galactose oxidase, folowed by reduction with tritiated sodium borohydride at pH 7.4. The labelng patterns of galactosyl and N-acetyl galactosaminyl residues on the cell surface were altered in comparing scraped vs. unscraped and buffer vs. media-soaked cells treated with galactose oxidase. From these preliminary studies, the procedure to be used in most of the asbestos treatment studies was to treat cells in tu, in buffer with galactose oxidase, and then to label treated scraped cells with NaB3H4. After 20 hr interaction between chrysotile asbestos and Syrian hamster cell cultures, an alteration in surface labeling of glycolipids and glycoproteins was observed. Tritiated disialogangliosides (GDia) and the higher molecular weight labeled glycoproteins were significantly reduced by asbestos treatment.
Introduction glycolipid and glycoprotein simplification with "4physical" carcinogens such as asbestos (9) . The Glycolipids simplification and high molecular present study involves making such a set of observamass glycoprotein loss have been correlated with tions in vitro with Syrian embryo hamster cells, in cell transformation in culture (1) (2) (3) (4) (5) (6) (7) (8) and in tumori-culture, incubated with a number of different asbesgenesis (8) labeling technique with chrysotile asbestos at vari-ous time intervals in an attempt to ascertain the mechanism of the modified labeling distribution among gangliosides and glycoproteins after chrysotile interaction and to establish an optimal time period for the asbestos effects on Syrian hamster cells.
Since the initial interaction of asbestos may be with the carbohydrate moieties in the glycocalyx of the plasma membrane, we examined the glycolipids and glycoproteins looking for changes that could occur on the cell surface as a result of exposure to asbestos fibers.
Material and Methods
Surface Labeling of Cultured Cells in Situ in the Presence of Culture Media or Phosphate-Buffered Saline Syrian Hamster embryo cells at passage 2 were cultured on 14 glass Petri dishes in modified Eagles' media (MEM) containing 10% fetal bovine serum in a 5% C02 atmosphere. Prior to confluency, cell morphology was observed under phase contrast microscopy, and only those cultures which had few granules and were mostly of fibroblastic configuration were accepted for further study. The cell preparations, matched with control cultures, were then incubated for 20 hr with asbestos fiber (10 ug/ml) by adding the asbestos and then allowing the fibers to settle onto the exposed cell surfaces.
For labeling in the presence of phosphate-buffered saline (PBS), the medium was decanted, cells washed three times with PBS, and the incubation volume adjusted to 5 ml with the same buffer. Galactose oxidase (Sigma Biochemical Type III (125 units/mg) or Grand Island Biological Co. (100 units/mg) ,ug) and 2 mM phenylmethyl sulfonyl fluoride (Sigma) were added to give a final concentration of 25 units per dish, and the plates were incubated in Precision Scientific Co. P5 Model 2 under C02-02 atmosphere for 3 hr at 37°C. After incubation, the dish was washed twice with PBS and the excess incubation mixture was aspirated. Tritiated sodium borohydride, 1 mCi of NaB3H4, with specific activity 9Ci/mmole (New England Nuclear; stored in 0.O1N NaOH solution at -40°C) was added and allowed to stand with occasional shaking for 30 min at 37°C. Finally, the cells were detached from the plates with a policeman with wide rubber blade. The reaction mixtures obtained from the various plates were washed five times with PBS (pH 7.4) and centrifuged at 300g for 10 min each time. The pelleted cells were suspended in 200,ul PBS, and aliquots were taken for the glycolipids and glycoproteins determinations.
Surface Labeling of Scraped Syrian Hamster Cells
The growth media was decanted and the cells washed twice with PBS, then scraped with a wide rubber blade attached to a policeman and finally centrifuged at 1500 rpm for 10 min. The cell pellet was suspended in 0.5 ml of PBS with or without 2mM phenylmethylsulfonylfluoride (Sigma), a protease inhibitor. Galactose oxidase (10 units) dissolved in 100 IlI PBS was then added, and the cells were washed twice with PBS (pH 7.4) and resuspended in 0.5 ml of the same buffer. NaB3H4 (0.5 mCi) was added, and the reaction mixture allowed to stand at room temperature for 30 min with occasional gentle shaking. The cells were washed five times with PBS and suspended in 200 ,ul of PBS.
SDS-Polyacrylamide Gel Electrophoresis
Electrophoresis was performed according to the method of Weber and Osborn (10 dye migrated to about 1 cm from the lower end of the gel. After electrophoresis, the gels were removed from the tubes, and those which contained the protein standards were stained with Commassie Blue overnight and then destained with glacial acetic acid, ethanol, water (10:25:65 by volume). The gels which contained the digested cells were sliced with a razor blade gel slicer, to produce slices 1 mm in width, and the protein in the slices was extracted for 48 hr in toluene scintillation fluid containing PPO, POPOP, and Triton X100 (Thrift, Kew Scientific, Inc.). The radioactivity was measured by liquid scintillation spectrometry.
Extraction of Syrian Hamster Cell Glycolipids
An aliquot (100 ,lJ) of surface-labeled cells (106) was soaked with 3 ml of chloroform:methanol overnight at room temperature to give a final ratio of 30 volumes of chloroform:methanol (2:1, v/v) to 1 volume of cells. It was then centrifuged at 1500 rpm for 10 min, and the precipitate was washed twice with chloroform:methanol (2:2, v/v).
Isolation of Glycolipids
Following the extraction of lipid from the cells, polar glycolipids (gangliosides) were separated from neutral glycolipids by the procedure of Folch et al. (11) . The individual glycolipids were separated by a modification of the method of Laine et al. (12) . After Folch partition, the total upper layer was reduced in volume to 1-2 ml and dialyzed at 4°C against distilled water for 24 hr. The dialyzed upper phase was evaporated to dryness under N2, and the residue extracted with a small volume of chloroform:methanol (2:1, v/v). This fraction represents a major part of the gangliosides and contains some neutral glycolipids in minor quantities. The analysis of gangliosides was performed by thin-layer chromatography (TLC) (Kontes/quantum, precoated TLC plates) and developed in a solvent system (tetrahydrofuran:0.5% aqueous KCI, 7:1, v/v). Standards of gangliosides were scraped with a razor blade and counted for radioactivity.
The lower phase which contains the neutral glycolipids, sulfatides, neutral lipid, and phospholipid was evaporated to dryness. The residue was dissolved in absolute pyridine:acetic anhydride, (2:1, v/v) and left overnight at room temperature. The reaction mixture was then evaporated to dryness and the residue dissolved in hexane:dichloroethane (DCE), (2:1, v/v) and finally applied to a column of Florisil 50-100 mesh. The column was eluted with 5 bed volumes of each of (a) hexane:DCE (1:4, v/v), (b) DCE:acetone (1:1, v/v), and (c) DCE:methanol:water (2:8:1, v/v). The acetylated glycolipid was eluted with the DCE-methanol-water solvent system. The fraction so eluted was evaporated to dryness and the residue dissolved in chloroform:methanol (2:1, v/v), containing 0.5% sodium methoxide in methanol (1/5 volume of the chloroform:methanol). The reaction mixture was allowed to stand for 30 min at room temperature and then neutralized with acetic acid in methanol. All the glycolipids were deacetylated and evaporated to dryness. The residue was dissolved in chloroform:methanol (2:1, v/v), and an aliquot was applied to TLC under the same conditions previously described (except that the solvent system for development was tetrahydrofuran:0.5% aqueous KCl, 20:1, v/v and then 7:1, v/v to 25% ofthe first solvent front).
For all procedures a Student t test was performed on data from true replicates.
Results

Baselines for Cell Surface Glycolipids and Glycoproteins
A baseline for surface membrane labeling patterns of polar and neutral glycolipids in Syrian hamster embryo cells was established (Table 1) . These labeling patterns represent the available galactose-containing glycolipids on the plasma membrane surface. The cells were labeled as previously described under these conditions: (a) cells incubated with media containing fetal bovine serum, (b) cells incubated with media without fetal bovine serum, and (c) cells incubated with buffer. No significant differences in surface labeling distribution of polar and neutral glycolipids were observed when the labeling pattern of cells incubated with buffer was compared to that ofcells incubated with total media, except in the case of trisialoganglioside (GT1), where an increase of 1.8 fold was observed under the same conditions ( Table 1) .
As a percent of the control (unscraped cells in buffer) scraped cells ganglioside GM, was 177; GM2, 138: GDla, 27.5; and GT1, 49.8. Globoside, a neutral glycolipid, also had reduced labeling. Therefore, profound differences were found between scraped and nonscraped glycolipid labeling patterns.
The differences observed in labeling patterns of glycoproteins in the presence of media as compared to buffer led us to examine the possibility of glycolipids exchange between cell surface and media gangliosides. However, no marked differences were observed in surface labeling patterns of cells incubated with total media or with media without fetal bovine serum (Table 1) . 
SDS Electrophoresis
The electrophoretic patterns of labeled glycoproteins obtained with after surface labeling in buffer and media (Fig. 1) 
Surface Glycolipids and Glycoproteins of Cells Treated with Asbestos
Syrian hamster embryo cell cultures were incubated with 10 ,ug asbestos/ml media for 2, 24, 48, and 72 hr and then surface-labeled with galactose oxidase-NaB3H4. There was little or no change in glycolipid or glycoprotein labeling patterns at 2 hr (Table 2 and Fig. 5 ), but chrysotile asbestos-induced polar and neutral glycolipid pattern changes were observed at 24, 48, and 72 hr. Disialo-and trisialogangliosides (more complex gangliosides) were decreased by 85%, whereas globoside GL-4 was decreased by 60% at 72 hr (Table 2 ). An overall decrease in labeled glycoproteins was observed at 24-48 hr (Fig. 6 ). Electrophoretic separation of glycoproteins showed that by 72 hr there was a complete loss of labeled protein bands with molecular mass 80,000 daltons. (Fig. 7) . Higher molecular masses (120,000-150,000 daltons) of labeled glycoprotein species were decreased at 24 and 48 hr and appeared to increase at 72 hr. The incubation of amosite, crocidolite, and intermediate-sized chrysotile asbestos fibers (10 Ag/ml) with Syrian hamster embryo cells for 48 hr (a time at which near maximum effects for mixed chrysotile fiber were observed) had the following effects on surface galactose and galactoseamine containing substances. The complex ganglioside proportionate decreases as percentages of the control (untreated cells) were in the order of decreasing effect for crocidolite (Table 3) (Fig. 8-10 
Discussion
The simplification of the molecular structure of glycolipids and glycoproteins appears to be a manifestation of metabolic changes within cells brought about by interaction of asbestos with intracellular elements rather than through direct masking or removal of cell surface components since the removal or masking of surface components would be an immediately manifest reaction and would certainly be consummated in a 2-hr time span, a period of time in which no significant alteration in glycolipid or glycoprotein pattern could be discerned. That these February 1980 n changes are brought about by alterations in the metabolism of the Golgi and/or the lysosomes requires additional study. Evidence by Harington et al. (13) with macrophages points to enhanced lysosomal enzyme release with the consequent modification of cell membranes through the production of lysophosphatides at the expense of diacyl phospholipids which are predominantly situated in cellular membranes. In addition, peritoneal macrophages prepared by intraperitoneal injection of asbestos 4-5 days prior to cell harvesting caused marked increases in cell surface areas as determined by scanning electron microscopy and results in greatly increased cell receptors for IgG and the third component of complement (14, 15) . If the macrophage receptors are ganglioside in nature, surface labeling of these cells should show a modification of surface distribution due to asbestos treatment.
The differential effect of amphobolic double chained serpentine (crocidolite-chrysotile) and single-chained amosite may not be fortuitous but instead may relate to the molecular configuration of these particles vis 'a vis their interaction with subcellular elements.
Our treatment of embryonic Syrian hamster cells with asbestos shifted the percentage labeling from GD1a to GM2 and increased the label in GL-4. Overall, however, the labeling of gangliosides and, therefore, possibly the amount of exposed ganglioside was reduced with asbestos treatment. This effect may be related to either masking of the labeling sites or a reduction in the amount ofganglioside present on the cell surface. In contrast, when lectins bind to the cell surface (5) or when cells become transformed (16) , there is an increased labeling observed. The changed distribution of surface gangliosides after asbestos treatment is consistent with such distributions after cell transformation, but since in the presence of asbestos the surface labeling is reduced, this finding is unlikely to be a reflection ofearly changes en route to transformation. It is more likely to be related to asbestos interactions with membrane coenzymes such as retinol phosphate which may be responsible for surface glycosylation of gangliosides and ganglioside precursors (17, 18) and for glycoproteins.
After asbestos treatment a considerable shift in distribution of label toward lower molecular weight cell surface glycoproteins was recorded, but there was also an overall reduction of labeling. This shift in distribution is similar to that observed in transformed cells. A glycoprotein, galactoprotein a (possibly the same as LETS), with a molecular weight of 200,000 daltons was found to be deleted in highly tumorigenic NIL py cells (19) . Lectin treatment also suppressed labeling of surface galactoprotein a in normal cells (6) , but had little effect on lower molecular weight surface galactoprotein. This could be a step in the direction of transformation by these cells or more likely a direct inhibition ofglycoprotein glycosylation at the membrane surface through the removal of retinol phosphate (17) .
Electron microscopy of fibroblast cells after asbestos treatment demonstrated only a few fibers present at cell membranes (20) . This finding is consistent with our preliminary ganglioside binding studies on asbestos. Our finding showed that a mixture of "4C-gangliosides, which could in part represent the cell surface conditions, bind loosely to asbestos; it is possible, therefore, the asbestos initially coats the cells, but, on washing, some ofthe asbestos is removed.
Since asbestos induced early changes in the plasma membrane as evidenced in transformed cells and since asbestos has not been demonstrated to be a mutagen (21) , the role of asbestos in the carcinogenic process may be to modify the cell surface to give carcinogens and viruses greater access to the cell nucleus, thus, to promote cell transformation.
